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We, Texas Instruments Incorporated, 
a Corporation organised according to the 
laws of the State of Delaware, United States 
of America, 13500 North Central Express- 
5 way, Dallas, Texas, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
10 described in and by the following state- 
ment: — 

This invention relates to insulated elec- 
trical conductors. 

Metallic materials are normally used for 
15 electrical conductors, typical metals being 
copper, silver and aluminium, but these 
materials are expensive. 

It is an object of the invention to pro- 
vide an insulated electrical conductor 
20 requiring the use of little if any metallic 
materials. 

According to one aspect of the invention 
there is provided a method of making an 
insulated electrical conductor in which the 

25 conductor includes a polymeric substance 
comprising interfacially contacting two 
cross-linkable masses of polymeric materials 
one of which is insulating and the other 
one of which is included in the conductor 

30 then performing a cross-linking operation 
upon the materials while in contact. 

According to another aspect of the in- 
vention there is provided an insulated elec- 
trical conductor comprising at least one 

^5 cross-linked semiconductive polymeric core, 
and at least one insulating cross-linked in- 
sulating polymeric sheath in interfacial con- 
tact with the core, in which the materials 
of the core and sheath have been bonded 

40 by cross-linking at their interface to form 
a strong assembly. 

By means of the invention there can be 
produced conductors having a positive tem- 
[Prico 



perature. coefficient of resistance (PTC) of 
a non-linear character, thereby making the 45 
conductors protective against overheating of 
their insulation. Such conductors can be used 
in controlled heating means, overload pro- 
tective leads for electrical appliances such 
as s for example, electric motors. 50 

In the accompanying drawings, in which 
several of various possible embodiments of 
the invention are illustrated, 

Figs. 1-4 illustrate short sections of various 
forms of insulated conductors embodying 55 
the invention; 

Fig. 5 is an isometric view illustrating 
another form of the invention for use as 
heating elements in the form of area-filling 
tiles or the like for floors, walls and ceil- 60 
ings or the like; 

Fig. 6 is a plan view illustrating a 
typical arrangement of elements such as 
shown in Fig. 5; 

Figs. 7 and 8 are views similar to Fig. 5 65 
illustrating two other forms of heating ele- 
ments embodying the invention; 

Fig. 9 is a plan view similar to Fig. 6 
illustrating an arrangement of elements such 
as shown in Figs. 7 and 8; 70 

Fig. 10 is a graoh illustrating certain so- 
called nonlinear PTC effects. 

Fig. 11 is an axial section of another 
form of the invention; and 

Fig. 12 is a fragmentary plan view of 75 
a typical circuit board made according to 
the invention. 

Corresponding reference characters in- 
dicate corresponding parts throughout the 
several views of the drawings. The draw- 80 
ings are not to scale, being diagrammatic. 

Insulated conductors as heretofore made 
have been generally constructed of a con- 
ductive core of one or more metals such 
as solid copper, aluminum, silver or the 85 
like with one or more surrounding sub- 
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stantially nomnetallic insulating sheaths. 
Others, such as circuit boards, have con- 
sisted of insulating sheets carrying metallic 
conductors. These as above indicated have 
5 the disadvantages of considerable weight and 
cost of the solid meials, which are some- 
times in short supply. Moreover, the con- 
ductors and their insulating members are 
of such different materials that bonding be- 

10 tween them is not always completely satis- 
factory. In addition, the insulation in some 
cases is prone to damage from overheating 
by the core when electrically overloaded. 
Lastly, the conductive materials exhibit only 

15 a small substantially linear PTC effect 
whereas it is often desirable that a sub- 
stantially nonlinear PTC effect shall be had, 
i.e., one having at some transitional tem- 
perature a sharp increase in resistance so 

20 as to sharply limit increase in current. 

By means of the present invention, im- 
proved self-protective electrical wires, cables, 
heating elements, circuit boards and like 
products may be constructed which are light 

25 in weisht, strong, and composed of always 
readily" available, low-cost plastics materials. 

Brieflly, the invention comprises con- 
structing each of a conductive material and 
its insulation of a cross-linkable polymeric 

30 material. Thus the polymer of one mem- 
ber is to be conducting such as by the intro- 
duction of metal ions therein, the disper- 
sion therein of a number of conductive 
particles or by equivalent means known in 

35 the art. This member and the insulation are 
brought together mechanically into an 
assembly in close physical contact m the 
desired assembled physical form. Upon or 
after assembly, there is performed by any 

40 of the known processes a cross-linking of 
the materials of the polymers. Tins may 
be either with or without the use of known 
catalysts, according to the cross-linking pro- 
cess used. As a result, in addition to any 

45 cross-linking in each polymer a very strong 
bond is obtained at the interfacial contact 
area between them. 

There are various families of cross-link- 
able polymers useful in carrying out the 

50 invention. One family is the polyoletins 
which include polyethylene and poly- 
propylene. Another is the family of haio- 
-enated polyolefins. Other families are the 
polyacrylics and the polyesters. These in 

55 their virgin state are nonconductive. But 
they may be infilled with particulate con- 
ductive oarticles such as carbon-black or 
finely divided metal to become conducting. 
A conducting polymer core can also be 

60 comoosed of polycations derived by N- 
alkyiation of poly (4-vinylpyridine), iso- 
tactic polv (2-vinylpyridine), poly {ethylene- 
imine), poly (N-vinylimidazone) and poly 
(p-N, N-dimethylaminostyrene) as well as a. 

65 poly '(p-xylene oxide) bearing side-chain tn- 



methvlammonium substituents. These 
materials exhibit useful PTC characteristics. 
This list is not to be taken as limiting. 

It is known to those skilled in the art 
that polymers by suitable processes may be Ih 
cross-linked to * improve their mechanical 
properties such as toughness, flexibility, 
heai-resistance and the like. Cross-linking 
in the case of PTC materials also brings 
about increased stability in the nonlinear 75 
PTC mode of resistance change in response 
to increased current flow, such as illustrated 
in Fig. 10. The invention is concerned with 
the combination in contact of at least two 
polymers, one of which functions in the 80 
form of an insulator and the other as a 
conductor, these polymers being strongly 
bonded together by performing a cross-link- 
ing operation after they have been brought 
into contact, thereby not only improving w 
each per se but also effecting a very strong 
bond between them. 

There are various well-known methods 
for effecting cross-linking of cross-linkable 
materials such as above mentioned, with and 90 
without the use of catalysts. Some employ 
catalysts with application of appropriate 
temperatures and pressures, or by the use 
of various forms of ionizing radiation Ex- 
amples of methods for inducing cross-link- 
ins are disclosed in U.S. patents 3,105,024, 
T 013 068, 2,902,421, 3,006,829, 2,978,396, 
3,158,560, and 3,231,483, for example. 

Referring to Fig. 1 it illustrates a con- 
ductive wire, or cable made according to 1U0 
an example of the invention, consisting of 
a cross-linkable polymeric conductive core 
1 which has been coextruded in contact 
with an insulating cross-linkable polymeric 
sheath 3. The material of core 1 is of the 105 
conductive variety mentioned in the group 
listed above and indicated by dots in the 
drawings. The materials of the core 1 and 
sheath ^3 may be assembled by coextrusion 
with suitable catalysts as required and sub- 110 
jected to heat and pressure so as to pro- 
duce cross-linking at the interface as ex- 
trusion proceeds. Or the assembly by ex- 
trusion may be performed without catalysts 
under non-cross-linking conditions and 115 
cross-linkaee effected by subsequent ioniz- 
ing radiation or the like with or without 
the use of catalysts. 

Sometimes a subsequent heat treatment 
is employed. 

The result of the performance of the 
cross-linking step while the materials to be 
bonded are in contact is important. If com- 
plete cross-linking operations were to be 
performed individually on the conductive 125 
core 1 and the insulating sheath 3 before 
assembly, there would not result the de- 
sired cross-linking at the interface 5 to im- 
prove the interfacial bond. It will be appre- 
ciated that by coextruding melted materials 130 
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somewhat of a bond is obtained; but it is 
not as good as one obtained by cross-link- 
ing at the bond interface. The cross-linking 
in effect changes a polymer material from 
5 a thermoplastic to a thermosetting variety. 
Thus the bond at the interface is thermoset 
rather than merely by mere solidification 
of more or less adhesive materials. 
Products made according to the inven- 

10 tion have many uses. Thus in the case of 
the conductor illustrated in Fig. 1 the con- 
ductive core material 1 exhibits a stabilized 
nonlinear PTC resistance effect such as 
illustrated in Fig. 10. The resistance of 

15 the insulated conductor may be such as to 
limit the amount of current and resulting 
temperature rise to prevent overheating of 
the insulation (see the dotted lines on Fig. 
10). Thus in effect the insulated conductor 

20 assembly shown in Fig. 1 is self-protective 
against overheating. It will be noted that 
if the conductivity of the core 1 is low, com- 
pared to copper this will considerably limit 
maximum current, with the result that the 

25 length of the conductor will be limited if 
excessive voltage drop along its length is 
to be avoided. However, for example, a 
six-foot length of such a conductor made 
according to the invention supplying a 600- 

30 watt electrical appliance can protect the 
appliance (a fractional horsepower motor, 
for example) against the damaging effect of 
overload current caused by internal break- 
down, a locked rotor or the like. For con- 

35 ductors having less resistance, longer lengths 
may be usefully employed. 

By means of the improved bond the com- 
bination of the conductor and insulator is 
very strong and may be flexed without 

40 engendering excessive stresses. Thus outer 
flexing strains in the conductor, through the 
improved bond, are more efficiently trans- 
mitted to the outer insulation. This reduces 
the stresses in each. Differential expansion 

45 i s also minimized. The improved bond also 
makes more efficient the heat-conducting 
path between the conductor and insulator 
for better cooling of the former under sub- 
stantial electrical loads. 

50 The specific gravity of an insulated con- 
ductor such as shown in Fig. 1 can be 
made much lower than that of a conven- 
tional solid-metal-core conductor. In low- 
current signalling or communication systems 

55 such as cable, such lower specific gravity 
has greater advantage, for example, in air- 
craft, military and like applications. The 
specific gravity can be made less than that 
of water by the selection of appropriate 

60 polymers and an appropriate amount of 
the particulate conductive material. Such a 
conductor may be made to float. 

It will be understood that if desired 
several polymerized conductive cores may 

65 be placed in one polymerizing insulated 



mass such as shown, for example, in Fig. 2 
wherein numeral 7 indicates three conduc- 
tors within a single insulating sheath 9, 
the entire assembly having had a cross- 
linking operation performed after contact 70 
of its components 7 and 9. 

In Fig. 3 is shown another form of the 
invention in which three ribbon-like non- 
linear FTC conductors 11 have been co- 
extruded with an insulating ribbon 13 and 75 
provided with score lines or grooves 15 
for subsequent complete or partial tearing 
or slitting to form various types of in- 
sulated conductors, the product being com- 
pletely cross-linked substantially only dur- 80 
ing or after extrusion, and in the latter case 
either before or after slitting. Electrical 
harnesses may be made of such material. 

As illustrated in Fig. 4, the conductive 
polymer core numbered 17 is made hollow 85 
as indicated at 19, the same being covered 
by an insulating polymer sheath 21. This 
form of the invention has use in the elec- 
trical heating of any gases or liquids that 
may be passed through the hollow portion 90 
19. It is also useful for a device such as 
shown in Fig. 11, in which the hollow por- 
tion 11 of bonded members 17 and 21 is 
filled with, for example, conductive salts, 
fluids or powders 2 and sealed in by con- 95 
ductive terminals 4. In this case the con- 
ductive polymer sheath 17 provides a shunt- 
ing path between terminals 4 around the 
filler 2 which may contain high-resistance 
voids. 100 

It is to be understood that the process 
of co extrusion is not the only one for 
mechanically assembling a conductor with 
its insulation prior to the cross-linking 
operation of the constituent polymers. Thus 105 
layers of polymers may be pressed into 
engagement on opposite sides of a poly- 
merized conductive material having desired 
resistance for heating, thus forming a sand- 
wich which can be used as a polygonal 110 
floor, wall or ceiling heating tile 27 as 
illustrated in Figs. 5 and 6. As shown in 
Fig. 5, cross-linkable polymer layers 23 
and 25 have been mechanically squeezed 
under heat and pressure on opposite sides 115 
of an intermediate layer of polymer 26, 
filled as above described. A cross-linking 
step has been performed during or after 
the mechanical assembly to form a tile 27. 
Fig. 6 is a plan view of a floor section 120 
•made up partly of conductive tiles 27 so 
arranged that contact between conductive 
sections of adjacent tiles provides a self- 
protective heating circuit. If necessary elec- 
trical contact between adjacent members of 125 
the range of tiles 27 may be secured, for 
example, by the use of an epoxy resin in- 
filled with conductive particles such as silver. 
The darker lines 29 on Fig. 6 illustrate 
the location of such connective material. 130 
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External circuitry is represented by the 
arrows. Unnumbered tiles in Fig. 6 may 
be conventionally constructed. 

At 30 and 40 in Figs. 7 and 8 are shown 
5 polygonal tile forms in which the conductive 
core^ parts are made less in area than the 
whole tile areas. Thus in Fig. 7 polymer 
layers 31 and 33 sandwich an infilled poly- 
mer conductor core 35, the bonded inter- 

10 facial area being shown at 37. The core 
35 terminates on opposite sides of the tile 
30. In Fig. 8 the polymer layers of tile 
40 are numbered 39 and 41. The sand- 
wiched conductor core 45 is curved and 

15 terminates on adjacent sides of the tile 40. 
The bonded interface is numbered 38. 

The principles above set forth are used 
in constructing tiles 30 and 40, which is 
to say that the assemblies of elements (31, 

20 33, 35) or (39, 41. 45) as the case may be 
are each mechanically brought together and 
simultaneously or subsequently cross-linked, 
as distinguished from having been pre- 
viously cross-linked. 

25 In Fig. 9, tiles 30 and 40 are shown in 
a tile floor in a range adapted to form a 
circuit therein. The remaining tiles may 
be conventional. Silver-filled epoxy resin 
connections are represented by the short 

30 heavy black lines. Again, the arrows repre- 
sent outside circuitry. 

It will be understood that the area-filling 
square form of tiles illustrated is not limit- 
ing, inasmuch as other area-filling poly- 

35 gonal forms may be used such as hexagons, 
for example. 

In Fig. 12 is shown another form of 
the invention. This comprises a sheet 6 
composed of a cross-linkable insulating 

40 plastic such as above described. Bonded to 
this are circuit elements 8, each of which 
is composed of a cross-linkable conductive 
plastic such as above-described. In con- 
structing the board the circuit elements 8 

45 are brought into engagement with the in- 
sulating sheet 6 under suitable pressure, as 
required, cross-linking being brought about 
while they are in contact. This produces a 
circuit board having the class of greatly 
50 improved bonds between the circuit ele- 
ments and the conductive sheet which sup- 
uports them, as above described in con- 
nection with the other forms of the 
invention. 

55 As to all forms of the invention, and 
particularly the coextruded forms, it is to 
be understood that after the cross-linkable 
polymeric masses of material have been con- 
tacted and the cross-linking operation per- 

60 formed thereon while in contact, subsequent 
heating of the combined cross-linked 
materials may be performed which will 
further improve the bond. 

In view of the above, it will be seen 

65 that the several objects of the invention are 



achieved and other advantageous results 
attained. 

As various changes could be made in 
the above products and methods without 
departing from the scope of the invention, 70 
it is intended that all matter contained in 
the above description or shown in the 
accompanying drawings shall be interpreted 
as illustrative" and not in a limiting sense. 

WHAT WE CLAIM IS:— 75 

1. A method of making an insulated 
electrical conductor in which the conductor 
includes a polymeric substance comprising 
interfacially contacting two cross-linkable 
masses of polymeric materials one of which 80 
is insulating and the other one of which 

is included in the conductor, then perform- 
ing a cross-linking operation upon the 
materials while in contact. 

2. A method according to claim 1, 85 
wherein the step of contacting the masses 

is performed by coextrusion of the materials. 

3. A method according to claim 2 in- 
cluding the step of heating the materials 
after coextrusion and cross-linking. 90 

4. A method according to claim 1, 
wherein the step of contacting the masses 
is performed by sandwiching the conducting 
ma?s between layers of the insulating mass. 

5. A method according to any one pf 95 
the preceding claims, wherein the material 

of the insulating polymeric mass is selected 
from a first group consisting of polyolefins, 
halogenated polyolefins, polyacrylics and 
polyesters, and wherein the conducting poly- 100 
meric mass is selected from a second group 
consisting of polyolefins, halogenated poly- 
olefins, polyacrylics, polyesters each of which 
is infilled with conductive particles, the 
second group further consisting of N-alkyl- 105 
ated poly (4-vinylpyridine), isotactic poly (2- 
vinylpyridine), poly (ethyl eneimine), poly 
(N-vinylimidazole), poly (p-N, N-dimethyl- 
aminostyrene) and (p-xylene oxide) bearing 
side-chain trimethy] ammonium substituents. 110 

6. An insulated electrical conductor 
made by a method according to claim 5. 

7. An insulated electrical conductor 
comprising at least one cross-linked semi- 
conductive polymeric core, and at least one 1 I 5 
insulating cross-linked insulating polymeric 
sheath in interfacial contact with the cere, 

in which the materials of the core and sheath 
have been bonded by cross-linking at their 
interface to form a strong assembly. 120 

8. An insulated electrical conductor 
according to claim 7 wherein the core is 
hollow. 

9. An insulated electrical conductor 
according to claim 8 wherein the hollow 125 
core is infilled with a finely divided elec- 
trically conductive material contained by 
conductive terminals which close the ends 

of the core. 

10. An insulated conductor according to 130 
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claim 7 wherein the core and sheath as- 
sembly is of wire-like form. 

11. An insulated conductor according to 
claim 7 wherein the core and sheath 

5 materials are of flat forms. 

12. An insulated conductor according to 
claim 11 wherein the sheath contains several 
cores and includes lines of weakening at 
locations between cores for subsequent 

10 separation in whole or in part. 

13. A polygonal resistance heating tile 
comprising a mass of cross-linked semi- 
conductive polymeric material sandwiched 
by flat layers of a nonconductive cross- 

15 linked polymeric material, the said mass and 
layers having been cross-linked at the inter- 
faces between them. 

14. A heating tile according to claim 13, 
wherein the semiconductive mass extends 

20 from one edge to an opposite edge of the 
polygonal tile. 

15. A heating tile according to claim 13, 
wherein the semiconductive mass extends 
from one edge to an adjacent edge of the 

25 polygonal tile. 

16. A tiled heating area comprising fitted 
polygonal tiles each of a number of which 
in a range of the same in the said area is 
composed of a cross-linked mass of semi- 

3*) conductive polymeric material in interfacial 
contact with and between two layers of 
cross-linked nonconductive polymeric 
material with the semiconductive mass 
terminating at opposite tile edges, the poly- 

35 meric material of the mass and of the two 
layers being cross-linked at the interfaces 
between them, and the semiconductive poly- 
meric material in each, tile in the said range 
being electrically connected with that of an 

40 adjacent tile in the range to form an elec- 
trical heating circuit extending through the 
said area. 

17. A method of making an electrical 
circuit board comprising engaging thin con- 

45 ductive polymeric circuit elements with a 
sheet of nonconductive polymeric material, 



performing a cross-linking operation upon 
the said elements and the sheet while in 
contact to bond the circuit elements to the 
sheet. 50 

18. A circuit board made according to 
claim 17, wherein the nonconductive poly- 
meric sheet is selected from the group con- 
sisting of polyolefins, halogenated poly- 
olefins, polyacrylics and polyesters, and 55 
wherein the material of the conductive poly- 
meric circuit elements is selected from a 
second group consisting of polyolefins, halo- 
genated polyolefins, polyacrylics, polyesters 
each of which is infilled with conductive 60 
particles, said second group further consist- 
ing of N-alkylated poly (4-vinylpyridine), 
isotactic poly (2-vmylpyridine), poly (ethyl- 
eneimine), poly (N-vmylimidazole), poly 
(p-N, N-dimethylaminostyrene) and (p- 65 
xylene oxide) bearing side-chain trimethyl- 
ammonium substituents. 

19. A method of making an insulated 
conductor by any one of the methods de- 
scribed herein with reference to the accom- 70 
panying drawings. 

20. An insulated electrical conductor 
substantially as described herein with refer- 
ence to and as illustrated by Fig. 1, or Fig. 2, 

or Fig. 3, of Fig. 4, Fig. 5 or Fig. 11 of 75 
the accompanying drawings. 

21. A polygonal floor tile according to 
claim 13, substantially as described herein 
with reference to and as illustrated by Fig. 

7 or Fig. 8 of the accompanying drawings. 80 

22. An electrical circuit board according 
to claim 18, substantially as described 
herein with reference to and as illustrated 
by Fig. 12 of the accompanying drawings. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Quality House, 
Quality Court, 
Chancery Lane, 
London, W.C.2. 
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